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Abstract Spread of ﬁre smoke in the elevator shaft of a high-rise building is inﬂu-
enced by many driving facts. We simulate smoke spreading in the elevator shaft,
stair room, and pre-chamber with and without different supplied pressurized air.
The simulation shows that smoke moves very fast in the elevator shaft. When a
12 ﬂoor high-rise building is in ﬁre, smoke can ﬁll up the elevator shaft in less
than 1.5 min after a ﬁre started, temperature in the elevator shaft can be higher
than 187◦C in 5 min, and the concentration of CO can also reach a high level.
The elevator shaft has a very low visibility in less than about 100 s.
c© 2014 The Chinese Society of Theoretical and Applied Mechanics. [doi:10.1063/2.1403407]
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In a ﬁre accident, the combustion product is a kind of toxic mixture, and it can seriously harm
to persons on the site of ﬁre, mainly by its toxicity, high temperature, and the shading light.1–4
There are more and more high-rise buildings now in China, and harm of high-rise ﬁre to people
has become more and more serious5–11 because of the very fast ﬁre spreading in the vertical
wells, such as the elevator shaft and stair well, due to the chimney effect. When the wind velocity
is strengthened, the spreading speed of ﬁre increases steeply. Strong and noxious ﬁre smoke
in the vertical wells would injure persons who have stayed in these vertical wells. In order to
prevent people from serious harm of ﬁre smoke in these vertical wells, reasonable studies should
be performed to keep ﬁre smoke from moving into these vertical wells as far as possible. It is all
known that the best egress time is in the early stage of a ﬁre. Preventing smoke from moving into
vertical wells can earn people enough time to egress from the dangerous ﬁre and avoid of harm.
Driving factors on smoke movement have been studied in many literatures.1–3,12–17 Six factors
are considered in this study when we build the analysis model for elevator shaft and stair-room:
smoke expansion,1 heat release rate (HRR),2,12,13 wind effect,3 pressurization air supply,1 chim-
ney effect,2 and piston effect.12,14–17 In order to analyze the smoke movement in the elevator and
its pre-chamber, we have made some assumptions as follows. (1) The ﬁre happens only at one
room, and combustible materials are ﬁxed. (2) The movement of air driven by heating, ventilation,
and air conditioning (HVAC) is not considered. (3) The ambient temperature is 25◦C, and relative
humidity of ambient air is 50%. The indoor temperature is the same as the ambient temperature
in the initial stage. (4) The ambient wind speed is 0 m/s; the ambient pressure is 1 atm (1 atm =
101 325 Pa). (5) The fresh air supplied by forced draft and the smoke on the ﬁre site are consid-
ered as perfect gas. (6) Materials used in the stairwell are non-combustibles. (7) The difference
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between speciﬁc heat of air and speciﬁc heat of smoke is very small. (8) The power of ﬁre source
is 1 MW. (9) The elevator is located at the 11th ﬂoor of the building.
The ﬁre building in our simulation has 12 ﬂoors and the models of elevator shaft and stair room
are shown in Figs. 1 and 2. The dimension of stair room is 3.8 m×3.4 m×3 m, elevator shaft is
2.2 m×2.4 m×33 m, elevator cab is 1.8 m×1.4 m×3 m, air supply well is 1.2 m×1.6 m×36 m,
and air supply well at stair room is 0.8 m×1.6 m×36 m.
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Fig. 2. (a) Section sketch of the elevator shaft and
(b) plane model of stair room.
When the ﬁre is at the pre-chamber on the 2nd ﬂoor, the HRR of ﬁre resource is at one corner
of the pre-chamber. The ﬁre spreads with the square of time and the miximum HRR was 4 MW.
Figure 3 shows the smoke spreading in the elevator shaft and pre-chamber. As shown in Fig. 3,
the elevator is ﬁlled with heavy smoke in only about 100 s after the ﬁre started. The visibility is
very low, and this would make the egression become very difﬁcult.
Figure 4 is the temperature distribution in the elevator shaft and the pre-chamber. As shown
in Fig. 4, the temperature in the elevator shaft is over 88◦C everywhere after 100 s, and the tem-
perature in the elevator shaft near the ﬁre resource is above 155◦C after 30 s. After 300 s, the
temperature is all over 187◦C everywhere in the elevator shaft. This high temperature would
produce great harm to persons on site.
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Fig. 3. (Colour online) Smoke spread in the
elevator shaft and pre-chamber.
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Fig. 4. (Colour online) Temperature (◦C) distri-
bution in the elevator shaft and pre-chamber.
The spread of temperature in the stair room is much slower than that in the elevator shaft.
Although the spreading speed of temperature is lower, it would also have great harm to persons
who move into the stair room ﬁlled with heavy smoke, and people might become dizzy in it.
Figure 5 shows the distribution of CO concentration in the elevator shaft and the pre-chamber.
We can see that after ﬁre started, smoke spreads into the elevator shaft through the door gap, and
spreads upwards gradually. However, because it is inﬂuenced by the ﬂoor slab, the smoke does not
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spread fast, and that causes smoke to gather in the stair of the second ﬂoor. After smoke arrives
to the top of stair and is obstructed by the wall, only few smoke continues to move upwards, and
other smoke changes their moving direction to downwards. That causes CO concentration under
the ﬂoor slab relatively higher. When smoke arrives at the corridor, it gathers again. That also
causes CO concentration of smoke at the corridor higher because of the opening egress door at
the pre-chamber.
From the pressure distribution of smoke in the elevator shaft (Fig. 6), we can see that when the
height of the elevator increases, the pressure in the elevator shaft becomes higher. The pressure
in the elevator shaft and stair room below the ﬁre is negative everywhere because of the chimney
effect. Smoke moves faster in the elevator shaft because pressure in the elevator shaft is obviously
higher than that in the stair room with more smoke moving in. If the smoke exhausted from the
top exit of the elevator is less than the smoke entering it, it would cause smoke accumulation. Part
of smoke would be forced into the stair room or the elevator cab or the combined pre-room, and
its concentration would increase to a higher level.
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Fig. 5. (Colour online) CO concentration in the
elevator shaft and pre-chamber.
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Fig. 6. (Colour online) Pressure (Pa) of smoke
in the elevator shaft.
Figure 7 is the velocity distribution of smoke in the elevator shaft. According to the simulation
results, the moving velocity of smoke in the elevator shaft exceeds 0.85 m/s in about 68 s after
ﬁre started, and the moving velocity of smoke in the elevator near the ﬁre room and the top of
elevator shaft is over 2.1 m/s in about 100 s. The velocity near the right-side wall of the elevator
shaft is obviously higher than that near the other side. After about 5 min, the moving velocity of
smoke near the right-side wall of the elevator is over 3.3 m/s. Therefore, in a high-rise ﬁre, the
moving velocity of smoke is very fast.
In a high-rise ﬁre, smoke spread has a tight relationship with the ventilation, since ventilation
would change the moving velocity of smoke. If the ventilation is strong enough, it could make the
pressure outside the elevator cab extremely high. Then smoke moves into the elevator cab through
its door gap, and the ﬂow rate of smoke entering the cab is related to the ﬂow rate of ventilation.
When the ﬂow rate of ventilation changes, the pressure difference between inside and outside the
cab also changes, and this might cause more smoke to enter into the cab.
Table 1 shows leak rates in different positions of the building in the simulation, and Figs. 8
and 9 show the moving velocities of smoke outside and inside the elevator cab at different slow
rates of ventilation.
As shown in Figs. 8 and 9, when the ﬂow rate of ventilation is low, only few smoke spreads
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Fig. 7. (Colour online) Velocity (m/s) distributions of smoke in the elevator shaft.
Table 1. Leak rates in different positions of the building under different of ﬂow rates and ventilation.
Name Exterior wall Interior wall Shaft wall Wall of stair room Window (shut) Door (shut)
Effective leak area/(cm2·m−2) 4.0 2.0 1.2 2.6 3.6 86
into the cab from part of the door, and smoke could not spread into the cab when the ﬂow rate is
high enough.
Pressure differences at different ﬂoors under different ﬂow rates of ventilation between two
sides of the shaft door are listed in Table 2. When the ﬁre happens at the second ﬂoor, the pressure
difference between two sides of the shaft door at the second ﬂoor is higher than those at other
ﬂoors. It means that the pressure outside the shaft door is very high, and this high pressure will
push smoke into the cab and make the cab at the ﬁring ﬂoor most dangerous.
Under the condition of natural smoke discharge, the pressure and the ﬂow volume at smoke
exit are shown in Figs. 10 and 11. It shows that the smoke pressure increases with the growing of
ﬂow rate of ventilation. This would cause more smoke to be exhausted from the exit, and the ﬂow
volume of smoke at the exit also increases. The moving velocity of smoke out of the cab door is
shown in Fig. 12 and the average temperature in the cab is shown in Fig. 13. We can see from
Figs. 12 and 13 that the moving velocity of smoke outside the elevator cab increases with the ﬂow
rate of ventilation. This causes more fresh air to move into the elevator shaft and elevator cab
from the ventilation. The average temperature reduces when the ﬂow rate of ventilation increases,
and the velocity changes linearly with the ﬂow rate of ventilation.
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Fig. 8. (Colour online) Velocities of smoke outside the elevator cab under different ﬂow rates of ventilation.
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Fig. 9. (Colour online) Velocities of smoke inside the elevator cab under different ﬂow rates of ventilation.
Table 2. Difference of pressure (Pa) between two sides of the elevator cab door.
Floor
Flow rate of ventilation/(m3·h−1)
5 000 10 000 20 000 25 000 30 000 50 000
1 5.7 25.2 100.7 155.9 222.4 598.4
2 15.1 54.6 186.4 276.0 390.6 938.8
3 4.2 18.9 78.0 122.3 176.6 458.6
5 4.4 17.7 76.3 120.4 172.1 463.5
10 5.1 19.6 81.5 129.6 181.3 498.2
12 6.2 26.8 89.7 137.8 198.6 544.3
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Fig. 10. Pressure at smoke exit.
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Fig. 11. Flow volume at smoke exit.
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Fig. 12. Velocity of smoke outside the cab door.
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Fig. 13. Average temperature inside the cab.
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In summary, (1) the spreading velocity of smoke in the elevator shaft is very fast in a high-rise
ﬁre. For a 12 ﬂoors ﬁre, the time that smoke ﬁlling up the elevator shaft is less than 1.5 min after
ﬁre started in the pre-room of the elevator. (2) With smoke ventilation system, the ﬁring ﬂoor has
the highest pressure deference between two sides of the elevator door, and the pressure deferences
at other ﬂoors are very small. (3) The spreading velocity of smoke in the elevator shaft is larger
than those near the ﬁring ﬂoor and the exit for smoke exhausting. (4) After the ﬁre started about
100 s, the temperature allover the elevator shaft exceeds 88◦C, and the temperature in the elevator
shaft near the ﬁre resource is above 155◦C in 30 s. The temperature is over 187◦C everywhere in
300 s.
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